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Introduction:  Medial  patellofemoral  ligament  (MPFL)  reconstruction  associated  to  anterior  tibial  tuberos-
ity transfer  (ATTT)  is  recommended  in objective  patellofemoral  instability  (PFI).  Efﬁcacy,  however,  has
not been  precisely  determined  in trochlear  dysplasia  with  spur.  A case-control  study  was  performed  in
a PFI  population,  comparing  groups  with  trochlear  dysplasia  with  and without  spur (S+  vs. S−)  to assess
the  impact  of  trochlear  dysplasia  on  (1)  patellofemoral  stability,  (2)  functional  results  and  complications,
and  (3)  patellofemoral  cartilage  status  on MRI.
Hypothesis:  Trochlear  spur  does  not  affect  outcome  in PFI  managed  by MPFL  reconstruction  and  ATTT.
Material  and  methods:  Twenty-eight  knees  (26  patients)  with  PFI  were  analyzed  retrospectively  and
divided  into  2 groups  of  14 knees  each  according  to presence  of trochlear  spur  (S+  vs. S−). All  28 knees
had  undergone  ATTT  and  MPFL  reconstruction  by  semitendinosus  autograft.  Results  were  assessed  on
Lille  and  IKDC  functional  scores,  and  cartilage  status  was  determined  on  MRI at  last  follow-up.
Results:  At  a mean  24 months’  follow-up  (range,  12–52  months),  there  was  no  recurrence  of  dislocation.
IKDC  and  Lille  scores  tended  to improve  in  both  groups,  although  the  only  signiﬁcant  improvement  was
in  IKDC  score  (S−  gain,  21.3  ±  16;  S+  gain,  18.1  ± 14) (P  = 0.01).  IKDC  scores  at last  follow-up  were  better
in  the S+  than S−  group  (79 ± 19 [range,  21–92]  vs. 68  ± 13 [range,  35–84],  respectively;  P =  0.012).  Lille
scores  showed  no  signiﬁcant  inter-group  differences  in  mean  gain  (P =  0.492)  or mean  value (P  =  0.381).
The  S+  group  showed  more  cartilage  lesions  (n =  14/14  knees,  including  12/14  with  grade  ≥  2  lesions)
than  the  S− group  (n = 9/14 knees,  all  grade  ≤  2).
Conclusion:  MPFL  reconstruction  with  ATTT  provided  good  short-term  patellofemoral  stability  indepen-
dently  of  the severity  of  trochlear  dysplasia.  Functional  results  and  gain  on  IKDC,  however,  were  poorer  in
case of  dysplasia  with  trochlear  spur. This  is  probably  due  to cartilage  lesions,  observed  more  frequently
pre-  and  post-operatively  in  the  spur  group,  especially  as there  was  no  signiﬁcant  difference  in  Lille  Score,
which  highlights  stability.
Level  of evidence:  III, retrospective  case-control  study.
© 2015  Published  by Elsevier  Masson  SAS.. IntroductionTrochlear dysplasia is one of the main anatomic factors in
atellofemoral instability (PFI) [1]. Supratrochlear spurs distin-
uish severity grades [1]: dislocating dysplasia (high grade: B and
∗ Corresponding author. Service d’orthopédie, hôpital Salengro, CHRU de Lille,
lace de Verdun, 59037 Lille cedex, France.
E-mail address: greg.moitrel@gmail.com (G. Moitrel).
http://dx.doi.org/10.1016/j.otsr.2015.06.020
877-0568/© 2015 Published by Elsevier Masson SAS.D, with spur) and non-dislocating dysplasia (low grade: A and C,
without spur) [2].
Surgical management of high-grade trochlear dysplasia is con-
troversial. A meta-analysis by Song et al. [3] found comparable
clinical results in dysplasia with spur between patients treated
by trochleoplasty versus other procedures: medial patellofemoral
ligament (MPFL) reconstruction, anterior tibial tuberosity trans-
fer (ATTT), etc. Sulcus-deepening trochleoplasty is technically
demanding [3] and incurs a risk of long-term cartilage lesion
[4]; we,  like others, therefore prefer less invasive stabilization
6 ology: Surgery & Research 101 (2015) 693–697
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Fig. 1. Radiographs of a 24 year-old woman with grade B dysplasia (group S+, with
trochlear spur) treated by MPFL reconstruction and ATTT. 1A: preoperative strict
lateral view in 30◦ ﬂexion. 1B: lateral view in 30◦ ﬂexion at 32 months’ follow-up
after MPFL reconstruction.94 G. Moitrel et al. / Orthopaedics & Traumat
echniques, and notably MPFL reconstruction. Soft-tissue surgery,
owever, fails to correct trochlear dysplasia or to remove spurs. A
ase-control study was therefore performed on PFI patients under-
oing MPFL reconstruction with ATTT, comparing groups with and
ithout trochlear spur (S+ vs. S−, respectively), to assess the impact
f dysplasia severity on:
patellofemoral stability;
functional results and complications;
patellofemoral cartilage status on MRI.
The hypothesis was that severity of trochlear dysplasia does not
ffect results in PFI treated by MPFL reconstruction and ATTT.
. Material and methods
.1. Patients
A continuous single-center series of 31 knees in 28 PFI patients
ndergoing MPFL reconstruction with ATTT between January 2008
nd May  2012 was analyzed retrospectively. Two  patients were
xcluded for incomplete data. Twenty-eight knees (26 patients)
ere therefore included, with a minimum 12 months’ follow-
p (clinical follow-up rate, 89.3%). Mean age at surgery was
6.57 ± 7.22 years (range, 15–50 years). One knee had had previous
rthroscopic lateral patellar wing sectioning. Patients were divided
etween 2 groups of 14 knees each (Table 1): the S− group (without
pur) comprised patients without trochlear dysplasia (n = 5) or with
rade A or C dysplasia (n = 9: 8 grade A, 1 grade C) on the Dejour
lassiﬁcation [2]; the S+ group (with spur) comprised patients with
rade B or D dysplasia (n = 14: 8 grade B, 6 grade D) (Fig. 1). The two
roups were comparable on all criteria (Table 1), except for car-
ilage lesions, which were more frequent preoperatively in the S+
roup (P < 0.01). MPFL reconstruction was indicated for PFI resis-
ant to ≥6 months’ medical treatment, and was  performed by
emitendinosus autograft with overlapping suture through two
ranspatellar tunnels, following Davis and Fithian [7]. The femoral
unnel was positioned on the radiographic criteria of Schöttle et al.
8] (Fig. 2), under intraoperative radioscopic control. Femoral ﬁx-
tion used an interference screw. Tension was set at 30◦ ﬂexion.
ll surgery was performed under the supervision of one senior sur-
eon (GP). Isolated ATT distalization was performed (n = 14) in case
f patella alta (Caton-Deschamps Index > 1.2). The ATT was  medi-
lized (n = 7) in case of excessive extensor system lateralization
AT-TG distance >20 mm).  ATT transfer was distal and medial (n = 7)
n case of combined abnormality (Table 1). Postoperative rehabil-
tation (3–5 sessions per week) was standardized and identical in
oth groups: weight-bearing with forearm crutch and removable
plint for 30–45 days; passive range of motion exercises up to 90◦
exion for the ﬁrst 45 days and then without restriction; after 2
able 1
reoperative clinical data per group.
S– group (n = 14) S+ group (n = 14) P
Age (years) 25.5 (15–37) 27.5 (16–50) NS
Follow-up (months) 24 (12–52) 22 (13–45) NS
Female gender (%) n = 7 (50%) n = 9 (64%) NS
Numbers of dislocations n = 3 (2–9) n = 4 (2–11) NS
Flexion (◦) 132 (125–140) 127 (120–130) 0.023
Lille  score [5] 54 ± 13 (34–76) 48 ± 15 (26–82) NS
IKDC score [6] 58 ± 10 (42–77) 50 ± 12 (27–67) NS
ATT  lowering 8 6 NS
ATT  medialization 4 3 NS
ATT  medialization and
lowering
2 5 NS
TT: anterior tibial tuberosity; NS: non-signiﬁcant.Fig. 2. Positioning of “isometric” femoral tunnel, following Schöttle et al. [16].
weeks, “aided active” quadriceps and hamstring exercises; then
active closed-chain exercises for 3 months, followed by open-chain
exercises.
2.2. Assessment
Minimum follow-up was  1 year, and mean follow-up 24 months
(range, 12–52 months). All patients had functional assessment
preoperatively and at follow-up, comprising 2 self-assessment
questionnaires: Lille clinical score [5] for patellar stability, and sub-
jective IKDC score [6] for function. Preoperative clinical scores were
comparable between groups: slightly but not signiﬁcantly better in
the S− group (Table 1).Follow-up screened for recurrence of dislocation and subjective
instability. Satisfaction was self-assessed as satisﬁed/very satisﬁed
versus disappointed/dissatisﬁed. Complications [9] and revision
surgeries were noted. A Smillie apprehension test was performed.
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pig. 3. T2-weighted fat-sat axial MRI  slice at 38 months’ follow-up in a 29 year-old
an, showing 1.5 cm2 Outerbridge grade 2 cartilage lesion [12] of the medial side
f  the patella.
Preoperative and follow-up radiographic assessment comprised
ateral knee weight-bearing view in 30◦ ﬂexion and axial Merchant
iew in 30◦ ﬂexion. Patellar height was measured by Caton-
eschamps Index [10], severity of trochlear dysplasia was assessed
ollowing Dejour et al. [2], and patellofemoral osteoarthritis was
uantiﬁed following Iwano et al. [11].
At follow-up, patellar height and patellofemoral compartment
artilage status were systematically assessed on 1.5 T MRI  and com-
ared to the 25 preoperative MRI  scans (3 scans missing) (Fig. 3),
sing a 3D spoiled gradient recalled echo sequence (3D SPGR),
n OsiriXTM freeware (OsiriX Foundation, Geneva, Switzerland).
esions were isolated, touching the patellar surface (distinguishing
edial or lateral side or patellar crest) or the trochlear surface (lat-
ral edge and trochlear groove), or kissing lesions involving both
atella and femoral trochlea. Ulcerated lesions and cartilage ﬁs-
ures were assessed on the Outerbridge classiﬁcation [12] (Fig. 3),
nd osteochondral lesions on the Anderson classiﬁcation [13].
.3. Statistical analysis
Statistical analysis used SAS 9.3 software (SAS, Cary, NC). Qual-
tative data were expressed as numbers and percentages, and
umerical data as means, standard deviations and ranges. Normal
istribution of quantitative data was checked on Shapiro-Wilk test.
ualitative data were compared on McNemar’s test of symmetry.
umerical data were compared on matched Student or Wilcoxon
ests. Groups were compared on qualitative parameters by Fisher
xact test and on quantitative parameters by Mann-Whitney U test.
irst-order risk was set at 5%.
. Results
.1. Patellofemoral stability
At a mean 24 months’ follow-up (range, 12–52 months), there
as no recurrence of patellar dislocation, but 5 patients (5 knees)
18%) showed episodic subjective instability with positive Smillie
ign: 3 knees (21.4%) in the S− group (2 non-dysplastic and 1 grade
), and 2 knees (14.3%) in the S+ group (both grade D)..2. Functional results
Self-assessment showed 85.7% satisfaction (22 out of 26
atients, with 2 patients disappointed in either group). At Surgery & Research 101 (2015) 693–697 695
follow-up, functional scores showed signiﬁcant improvement in
both groups (P < 0.0001). There was no signiﬁcant inter-group
difference in Lille score gain (P = 0.492) or mean (P = 0.381) at
follow-up (Table 2). IKDC score gain was  lower in the S+ group
than in the S− group (P = 0.031), as was  mean IKDC score at follow-
up (P = 0.012) (Table 3). Mean ﬂexion fell from 132 ± 4◦ (range,
125–140◦) to 129 ± 10◦ (range, 110–140◦) in the S- group, and from
127 ± 6◦ (range, 120–140◦) to 125 ± 8◦ (range, 125–140◦) in the S+
group (NS).
3.3. Complications
Complications occurred in 5 of the 28 knees (17.8%) (Table 4).
Two S- knees (14.3%) and 2 S+ knees (14.3%) showed stiffness in
ﬂexion requiring surgical mobilization under general anesthesia;
there was  no residual stiffness.
One patient without dysplasia showed persistent irreducible
extension loss; he had developed acute operative site Staphylococ-
cus epidermidis infection, requiring surgical revision by lavage and
antibiotherapy, followed by mobilization under general anesthesia
for stiffness in ﬂexion 6 weeks after the lavage.
Thus, in all, the surgical revision rate was 5/28 (17.8%): 4 mobi-
lizations under general anesthesia, and 1 lavage; there was  no
signiﬁcant inter-group difference in complications (Table 4).
3.4. Imaging and cartilage assessment
At follow-up, Caton-Deschamps index and patellar tilt had
normalized in both groups (Tables 5 and 6), with no signiﬁcant
difference between groups pre- or post-operatively.
Three knees (10.7%) showed Iwano grade 1 radiographic signs
of patellofemoral osteoarthritis on Merchant view, pre-operatively
and at follow-up: 2 S+ knees (both grade D) and 1 S− knee (grade
A).
Table 7 shows the distribution of cartilage lesions on MRI.
There were signiﬁcantly more preoperative lesions in the S+ group.
There was a strong predominance of isolated lesions preopera-
tively (n = 15/19, 79%) and at follow-up (n = 19/23, 83%). Locations
were mainly on the patellar crest: 14/15 (93%) preoperatively, and
15/19 (79%) at follow-up. There were also signiﬁcantly more car-
tilage lesions in the S+ group at follow-up (P = 0.047), and these
were more severe: 12/14 (86%) grade ≥ 2 versus 5/9 (56%) in the S−
group (P = 0.026). There was no signiﬁcant inter-group difference
in cartilage lesion progression (Table 7).
4. Discussion
The study hypothesis was not conﬁrmed: clinical functional
results were poorer in the S+ group, with lower mean IKDC score.
This seems mainly due to the higher rate of preoperative car-
tilage lesions in that group, rather than to surgical technique.
There was, however, no signiﬁcant intergroup difference in Lille
score, which focuses on stability [5]. Other studies reported neg-
ative impact of dysplasia severity on functional results after
patellofemoral reconstruction [14–17], but the present study was
the ﬁrst case-control comparative analysis of such results. There
was, on the other hand, no short-term recurrence of disloca-
tion despite the presence of trochlear spurs, and patellar tilt
was in most cases corrected. Nevertheless, subjective instability
persisted in 5 cases (18%), which was comparable to the ﬁnd-
ings displayed in Table 8. The complications rate was acceptable,
and lower than the 26.2% reported in the meta-analysis by Song
et al. [9].
The study involved certain limitations: it was  retrospective, but
with complete data ﬁles except for 3 missing MRI  scans. Follow-up
was short (mean, 23 months), and the results need conﬁrming in
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Table 2
Mean Lille Stability Score.
Preoperative Follow-up Gain
Whole series 51 ± 14 (26–82) 82 ± 15 (39–97)* 30 ± 16 (−9–63)
S−  (without trochlear spur) 54 ± 13 (34–76) 84 ± 15 (39–97)* 30 ± 17 (−9–51)
S+  (with trochlear spur) 48 ± 15 (26–82) 79 ± 16 (46–97)* 31 ± 16 (7–63)
P  value, S− vs. S+ NS NS NS
*Signiﬁcant improvement at follow-up over preoperative status.
Table 3
Mean IKDC Functional Score.
Preoperative Follow-up Gain
Whole series 54 ± 11 (27–77) 74 ± 17 (21–92)* 20 ± 15 (−21–52)
S−  (without trochlear spur) 58 ± 10 (42–77) 79 ± 19 (21–92)*,¥ 21 ± 16 (−21–42)¥
S+ (with trochlear spur) 50 ± 12 (27–67) 68 ± 13 (35–84)* 18 ± 14 (0,5–52)
P  value, S− vs. S+ NS 0.0123 0.0186
*Signiﬁcant improvement at follow-up over preoperative status (P < 0.05); ¥Signiﬁcantly greater improvement in S+ group (P < 0.05).
Table 4
Complications at follow-up per group.
S− (without trochlear spur) S+ (with trochlear spur) P
Stiffness in ﬂexion 2 (14.3%) 2 (14.3%) NS
Stiffness in extension 1 (7%) 0 NS
Septic  arthritis 1 (7%) 0 NS
Scar  pain 1 (7%) 1 (7%) NS
Deep  venous thrombosis 0 1 (7%) NS
Table 5
Change in Caton-Deschamps Index.
Preoperative Follow-up
CDI CDI > 1.2 CDI CDI > 1.2
S− 1.25 ± 0.24 (0.75–1.52) n = 10 (71%) 1.02 ± 0.2 (0.6–1.26) n = 2 (14%)
S+  1.29 ± 0.18 (0.87–1.60) n = 11 (78%) 1.06 ± 0.13 (0.75–1.6) n = 1 (7%)
NS 
C
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w
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*Difference S− vs. S+ NS 
DI: Caton-Deschamps Index; S−: without spur; S+: with spur.
he longer term; the study, however, was intended to assess the
hort-term impact of dysplasia severity on MPFL reconstruction
ith ATTT, and as such was able to test the hypothesis. Numbers
ere small, and preoperative IKCD scores, although comparable
etween groups, showed a tendency to be poorer in the S+ group,
robably due to cartilage lesions, and a larger sample might have
isclosed a signiﬁcant difference. On the other hand, regardless of
able 6
hange in patellar tilt on MRI.
Preoperative 
Patellar tilt Patellar tilt > 20◦
S− 22.8 ± 8.9 (10–46) n = 9 (64%) 
S+  23.7 ± 12.3 (10–51) n = 11 (78%) 
Difference S− vs. S+ NS NS 
−: without spur; S+: with spur.
able 7
artilage lesion assessment and evolution on MRI.
Chondral lesions (Outerbridge [12]) 
Preoperative Follow-up 
Whole series 76% (n = 19/25) 82% (n = 23/28) 
S−  58% (n = 7/12)* 64% (n = 9/14)**
S+ 92% (n = 12/13)** 100% (n = 14/14)**
−: without spur; S+ with spur.
Signiﬁcant preoperative difference between S− and S+; **Signiﬁcant difference betweenNS NS
numbers, the association of ATTT and MPFL reconstruction sig-
niﬁcantly improved functional scores in the S+ group, with no
recurrence of dislocation.
Despite the lack of progression of patellofemoral radiographic
osteoarthritis and effective PFI correction by MPFL reconstruction,
cartilage lesions continued to progress over the short term. It would
thus seem that late treatment after iterative PFI fails to protect the
Follow-up P
Patellar tilt Patellar tilt > 20◦
18.8 ± 6.1 (8–27) n = 3 (21%) 0.0074
19.7 ± 9.3 (3–31) n = 4 (28%) 0.0009
NS NS
Osteochondral lesions (Anderson et al. [13])
Preoperative Follow-up
32% (n = 9/25) 29% (n = 8/28)
25% (n = 3/12)* 7% (n = 1/14)**
46% (n = 6/13)* 50% (n = 7/14)**
 S− and S+ at follow-up.
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Table  8
Clinical results in series of objective patellar instability managed by MPFL reconstruction.
Study Number of knees Follow-up (months) Results (postoperative) Subjective instability (at follow-up)
Hooper et al. [14] 68 38 Improved IKDC (76.2), Lysholm (73.3) and Tegner scores (3.6)* n = 12 (17.6%)
Schöttle et al. [15] 48 12 Improved IKDC, Lysholm and Tegner scores n = 5 (10.4%)
Wagner et al. [16] 49 12 Improved Kujala (87) and Tegner scores (4.6)* n = 6 (12.2%)
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[Present series 28 24 Improved Lille 
Results less good for dysplasia with spur.
artilage even if PFI is corrected; this, of course, needs conﬁrming
ver the longer term, with comparison to a non-operated control
roup.
The rate of cartilage lesions in the S+ group was higher than in
he MRI  studies by Elias et al. [17] (up to 80% in 82 knees) and Guer-
ero et al. [18] (49% in 195 knees). This may  be due to the prevalence
f supratrochlear spurs in the present series, not taken into account
n the earlier morphologic studies [17,18]. This explanation is sup-
orted by the results in 304 knees reported by Jungmann et al. [19],
ith a signiﬁcantly higher rate of cartilage lesions on MRI  in the
5 knees with trochlear dysplasia. There was, however, a confu-
ion bias in the present study, with numerous confounding factors
hat were not analyzed but might account for the onset of cartilage
esions.
. Conclusion
In the present series, PFI treatment by MPFL reconstruction with
TTT provided good patellar stability in the short term, indepen-
ently of the severity of trochlear dysplasia, but IKDC functional
esults and gains were poorer in case of dysplasia with trochlear
pur. This was probably due to cartilage lesions, which were more
requent pre- and post-operatively in the S+ group, especially as
here was no signiﬁcant difference in Lille score, which focuses on
tability.
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